Chronic fatigue syndrome and myalgic encephalomyelitis (CFS/ME) are, amongst others, characterized by exercise intolerance, pain, post exertional malaise and orthostatic intolerance. It has been shown in venous disease and sport participation that compression stockings may improve exercise performance and reduce post exercise muscle soreness. Moreover, its use is advocated in orthostatic hypotension. Therefore, it was hypothesized that compression stockings may reduce symptomatology in CFS/ME patients. Methods: 100 patients used compression stockings class II for minimally 3 weeks and thereafter filled in a questionnaire, based on the Rand 36 physical activity questions (n = 9), whether compression stockings changed perceived symptoms or not. Moreover, 7 questions referring to prolonged standing and sitting, to recovery post exercise, muscle pain during or immediately post exercise, and to dizziness/light-headedness during or immediately post exercise, while standing and during prolonged sitting were added. Questions were scored as 1: able to perform activity much less while wearing the stockings, 2: perform activity somewhat less, 3: no perceived change in activity, 4: perform activity slightly better, 5: able to perform activity much better while wearing the stockings. Results: In patients able to answer the question, all mean scores per activity were significantly higher than 3, being no perceived change in activity while wearing the stockings. Subgroup analysis showed that patients with orthostatic intolerance reported higher effects than patients without orthostatic intolerance. Conclusion: This pilot study suggests that compression stockings may be useful to reduce symptomatology of physical activities in CFS/ME patients, especially in patients with orthostatic intolerance. Larger prospective studies with hard endpoints are warranted.
Introduction
The terms chronic fatigue syndrome and myalgic encephalomyelitis (CFS/ME) describe a complex physical illness characterized by debilitating fatigue, post-exertional malaise (PEM), orthostatic intolerance, pain, cognitive problems, sleep dysfunction and an array of other immune, neurological and autonomic symptoms. Rest and sleep produce only modest relief of fatigue/PEM and the other symptoms. As in other diseases, the disease severity ranges from mild to severe. In the most severe cases, the patient is bedridden all of the time [1] .
Signs and symptoms have been described in a recent extensive review of literature by the American Institute of Medicine (IoM) and in other scientific journals [2] [3] [4] [5] . Although a host of abnormalities have been identified in CFS/ME, and in almost any organ, the exact pathophysiology remains at present unclear [2] [6] .
One of the important symptoms is orthostatic intolerance. Orthostatic intolerance is defined as a clinical condition in which symptoms worsen upon assuming and maintaining upright posture and are ameliorated (although not necessarily abolished) by recumbency. This symptom is not part of the CFS criteria [7] and is one of many symptoms in the ME criterion of energy production/transportation impairments [1] . In contrast, orthostatic intolerance was highlighted in the IoM report and was added as a criterion for the diagnosis [5] .
Although the incidence of orthostatic intolerance abnormalities (postural orthostatic tachycardia and different forms of orthostatic hypotension) in CFS/ME patients has been extensively described [8] - [17] , data on treatment are limited. Mainly fluid/sodium intake, exercise training and counter manoeuvre advices have been described, as well as the use of fludrocortisone [18] [19] [20] , midodrine [21] , pyridostigmine [22] , desmopressin [23] and beta-blockers in CFS/ME patients with postural orthostatic tachycardia syndrome (POTS) [24] .
In the recent American syncope guidelines, the use of compression garments was advocated in patients with orthostatic hypotension [25] . The use of compression garment was shown to reduce orthostatic intolerance symptoms in these patients [26] . Moreover, compression stockings are widely used in sport participation [27] and may improve exercise tolerance in venous disease [28] . Therefore, it was hypothesized that treatment of compression stockings can be advantageous to the standard supportive measures in patients with CFS/ME. As this has not been described before, we performed a pilot study, investigating the effects of sport compression stockings on exercise tolerance, pain and dizziness/light-headedness in consecutive CFS/ME patients, irrespective of orthostatic intolerance complaints.
Patients and Methods
A total of 134 consecutive patients with CFS/ME were invited to participate. The diagnosis of CFS was based on the criteria of Fukuda et al. [7] , the diagnosis of ME based on the ICC criteria [1] . Disease severity was scored according to the ICC criteria [1] . Based on history taking, the presence or absence of orthostatic intolerance symptoms was noted. All patients underwent tilt table testing and hemodynamic results were classified as normal heart rate and blood pressure response, POTS, classic and delayed hypotension.
Three patients did not give informed consent for the start of the study, 5 were excluded because they refused to wear the stockings, 6 were excluded because they did not complete the questionnaires, 6 were excluded because they had too many complaints while putting on the stockings. Eight were excluded because they wore the stockings shorter than 3 weeks. Finally 9 were excluded because of incomplete questionnaires at the time of analysis, leading to a total of 100patients.All patients gave written informed consent and the study was approved by the METC of the MC Slotervaart.
Participating patients were instructed to use sport compression stockings (CEP running 2.0) during several weeks on several days of the week (at least 3 weeks). No specific instructions for the use during specific activities were given, except for not wearing the stockings at night. At the end of the trial period, a Rand 36 questionnaire was filled-in [29] [30] . From the Rand 36 the scores of physical functioning, of energy/fatigue and of pain were noted.
In the second questionnaire patients were asked whether they perceived a change of the physical activity while using the compression stockings. The same physical activity characteristics of the Rand 36 questionnaire were used (question 3 -7, 9 -12: vigorous activities, moderate activities, lifting/carrying groceries, climbing several stairs, climbing one stair, walking more than 1 km, walking half a km, walking 100 m and bathing/dressing). Each physical activity question had a 6 item scale: able to perform activity much less while wearing the stockings (score 1), able to perform activity somewhat less while wearing (score 2), no perceived change in activity while wearing (score 3), able to perform activity slightly better while wearing (score 4), and able to perform activity much better while wearing the stockings (score 5), cannot answer the question (score 6). In addition, using the same 6 item scale, patients were asked for a perceived change during prolonged standing, during prolonged sitting, in recovery 1 hr post exercise, for muscle pain during or immediately post exercise, in dizziness/light-headedness during or immediately post exercise, in dizziness/light-headedness while standing and in dizziness/light-headedness during prolonged sitting.
Data analysis: the answers to the question able to perform the physical activity much less and somewhat less while wearing the compression stockings were combined to worse performance while wearing, and the performed physical activities slightly better and much better while wearing the stockings were combined to improved activity. This led to a 3 point scale: worse performance, neutral effect and improved performance of activity while wearing the compression stockings. The relative contribution of the 3 point scales were calculated, excluding the number of patients who could not answer the question.
Statistical Analysis
Data were analyzed using SPSS 21 (IBM). The data are presented as the mean +/− SD. A p value < 0.05 was considered significantly different. Continuous data were compared using Student's t test. Nominal data were compared using the Chi-square test or the Fisher exact test. A p value < 0.05 was considered significantly different. Graphs were constructed using Graphpad Prism version 6.00, Graphpad software, La Jola California USA. Table 1 shows the baseline characteristics. All had CFS/ME according to international criteria. The majority were females, disease duration was 13 ± 9 years, most patients had mild severity of the disease. Physical functioning, fatigue and pain scores were all low, indicative of substantial disability. Ninety-one percent had a clinical suspicion of orthostatic intolerance, while 86% had a normal tilt table test. Figure 1 shows the percentage of patients who perceived improved, neutral and worse performance of activities while wearing the stockings. The mean data per activity were all significantly different from neutral. The percentage of patients reporting improved activity varied between 26% (improved dressing activity) and 73% (improved walking for 0.5 km). In a further analysis, patients were divided in 2 groups: with (n = 91) and without (n = 9) orthostatic intolerance complaints. No differences between the 2 groups were found in gender distribution, age, CFS/ME duration, and disease severity, Rand 36 scores for physical functioning, energy/fatigue and pain, and in the hemodynamic abnormality distribution. Table 2 shows the scores for the perceived change in activities while wearing the stockings of patients with and without orthostatic intolerance orthostatic intolerance complaints. In patients without orthostatic intolerance complaints, none of the scores of activities were significantly different from neutral (a score of 3). In contrast, all mean scores of activities were significantly higher than neutral in patients with orthostatic intolerance complaints. A comparison of patients with and without orthostatic intolerance complaints showed that the differences were confined to various physical activities, whereas the effect on pain, dizziness/light headedness and functional recovery after exercise were not significantly different.
Results

Discussion
Compression stockings are widely in various venous and lymphatic diseases [28] , although a formal guideline is lacking. One of the conclusions of the authors of this consensus statement was that the use resulted in a significant trend towards an improvement in the ability to perform physical exercise. Furthermore, in the recent American syncope guidelines the use of compression garments were advocated in patients with orthostatic hypotension [25] , where the use of compression garment was shown to reduce orthostatic intolerance symptoms [26] . Finally, although there are conflicting results regarding the effects of wearing compression garments during exercise, there is a trend towards a beneficial effect of compression garments worn during recovery [27] . As exercise intolerance, post exertional malaise and orthostatic intolerance are main complaints in CFS/ME patients, and as scientific data are missing in this patient group, a pilot study was performed to assess its use in daily practice.
This study of 100 consecutive CFS/ME patients suggests that the use of compression stockings resulted in an improved perceived activity: all mean activity scores were higher than neutral, being a score of 3. As expected, the percentage of patients reporting improvement varied widely, with a range between 26%
(improved dressing activity) and 73% (improved walking for 0.5 km): (see Figure 1) .
A further sub-analysis showed that the main effects were present in patients with orthostatic intolerance complaints (see Table 2 ): for all reported activities the mean scores were significantly higher than a score of 3 (neutral effect), whereas in patients without orthostatic intolerance the mean reported effects on activity were not significantly different from a neutral effect. This suggests that the beneficial effects are confined to those patients with orthostatic intolerance.
However, the number of patients without orthostatic intolerance was low and further larger prospective studies with solid endpoints are needed to address this question.
The mechanisms how compression stockings exert their beneficial effects are complex. Studies in other pathologies and during exercise show increased venous flow [31] , improved lymphatic drainage [32] , improved tissue oxygenation [33] , reduction of pro-inflammatory cytokines [34] , improved arterial flow post exercise [35] , and improved endothelial function [36] while wearing compression stockings. The mechanism of the potential beneficial effects of compression stockings has not been studied in ME/CFS patients. However, in one study a counter pressure of 45 mmHg (using military anti-shock trousers) during prolonged standing in ME/CFS patients normalized the excessive heart rate increase and the excessive decrease in blood pressures [37] . This observation strengthens the potential use of compression stockings.
In the present study class II stockings were used. In a recent study the degree of compression on exercise performance and recovery was reviewed [27] . The authors concluded that there was no apparent relation between the effects of compression garments worn during or after exercise and the pressures applied, since beneficial effects were obtained with both low and high pressures [27] .
Whether high pressure stockings in CFS/ME patients are more beneficial than low pressure stockings need to be determined.
Limitations: firstly, the use of questions, although similar to the Rand 36 physical activity questions, was not validated both internally and externally. Also, the questionnaire was filled-in only after the use of the compression stockings. However, the sole purpose of this pilot study was to determine whether there was any beneficial effect. Giving the results, a prospective study with objective outcome measures and predefined CFS/ME subgroups is justified, as are studies elucidating the underlying mechanisms of the effects of compression stockings.
Conclusion
So far, the use of compression stockings in CFS/ME patients has not been studied before. This pilot study suggests that wearing compression stockings during daily life of CFS/ME patients are useful to reduce symptomatology of physical activities. The data also suggest that the subgroup of patients with orthostatic intolerance especially benefits from the use of stockings. Larger, prospective studies are warranted.
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